Introduction
============

In recent years, a great deal of attention has been given to antioxidants consumption and their role in reducing rates of chronic diseases such as epilepsy, cancer, coronary heart disease (CHD), stroke, diabetes and arthritis.[@R1]--[@R3] It is suggested that the protective effect of antioxidant compounds is partly due to antioxidant nutrients such as ascorbic acid and carotenoids which inhibit lipid per-oxidation and oxidative cell damage.[@R4],[@R5] Reactive oxygen species have been implicated in the development of seizures and status epilepticus (SE) induced by pilocarpine.[@R6] The mechanism behind seizures-induced oxidative stress is not well understood, but several explanations have been proposed. These include excitotoxicity associated with excessive neurotransmitter release, oxidative stress leading to free radical damage.[@R6],[@R7] Recently, several studies have examined the role of oxidative stress on pilocarpine-induced seizures, possibly via the formation of free radicals.[@R8]

Reactive oxygen species (ROS) are generated during oxidative metabolism and can inflict damage on all classes of cellular macromolecules (e.g., mitochondria, endoplasmic reticulum, etc.,), eventually leading to cell death.[@R9],[@R10] Oxidative stress is attractive as a possible mechanism for the pilocarpine-induced seizures for many reasons. The brain processes large amounts of O~2~ in relatively small mass, and has a high content of substrates available for oxidation in conjunction with low antioxidant activities, making it extremely susceptible to oxidative damage.[@R7],[@R11] In addition, certain regions of central nervous system (CNS), such as the hippocampus, may be particularly sensitive to oxidative stress because of their low endogenous levels of vitamin E, an important biochemical antioxidant, relatively to other brain regions.[@R12],[@R13] Such a depressed defense system may be adequate under normal circumstances. However, under pro-oxidative conditions, such as during seizures, these low antioxidant defenses can predispose the brain to oxidative stress.

Seizures have been shown to cause an increase in the production of nitrite,[@R14] a potent free radical known to be cytotoxic to neurons and glial cells.[@R15] The role of oxidative stress in seizures induced by pilocarpine is also supported by studies showing beneficial effects of antioxidant compounds during seizures exposure.[@R16],[@R17] It has been reported the protective capacity of ascorbic acid against seizures-induced cerebral damage in adult rats. Its pretreatment strongly prevented the damage caused by aggressive radical species induced by seizures.[@R4] Ascorbic acid can enters mitochondria by means of facilitative glucose transporter and confers mitochondrial protection against oxidative injury. Ascorbate has been implicated in many biological processes. It is a cofactor for several enzymatic steps in the synthesis of collagen, monoamines, amino acids, peptide hormones, and carnitine[@R18],[@R19] and plays an important role in antioxidant defense at a number of levels. It can directly metabolize reactive oxygen species, acts to maintain α-tocopherol (vitamin E) in its reduced form, and mediates electron transfer to ascorbate-dependent peroxidases.[@R19],[@R20] Pathogenic dysfunction of tissues due to cell death via apoptosis is one of the important consequences of oxidative stress that could be diminished using antioxidant such as ascorbic acid. The objective of this study was to evaluate the potential effect of ascorbic acid on the attenuation of oxidative stress in the hippocampus of adult rat during acute phase of pilocarpine-induced seizures.

Results
=======

Anticonvulsant effects of ascorbic acid in pilocarpine model.
-------------------------------------------------------------

Pilocarpine induced the first seizure at 35.00 ± 0.70 min. All of the animals studied showed generalized tonic-clonic convulsions with status epilepticus (SE), and 30% survived the seizures. All animals pretreated with the ascorbic acid selected for this study were observed for 6 h before pilocarpine injection and its manifested alterations in behavior, such as peripheral cholinergic signs (100%), tremors (50%), staring spells, facial automatisms, wet dog shakes, rearing and motor seizures (60%), which develop progressively within 1--2 h into a long-lasting SE (60%). [Table 1](#T1){ref-type="table"} shows that when administered at the dose (10 mg/kg) before pilocarpine, ascorbic acid reduced by 50% the percentage of animals that seized (p \< 0.0001), increased (154%) latency to the first seizure (189.19 ± 1.15 min) \[T(46) = 114.453; p \< 0.0001\] and increased (60%) the survival percentage (p \< 0.0001) as compared with the pilocarpine-treated group ([Table 1](#T1){ref-type="table"}). No animal that received injections of isotonic saline (control) or ascorbic acid alone showed seizure activity ([Table 1](#T1){ref-type="table"}).

Lipid peroxidation level and nitrite content in the hippocampus of adult rats pretreated with ascorbic acid after pilocarpine-induced seizures.
-----------------------------------------------------------------------------------------------------------------------------------------------

Effects of ascorbic acid in lipid peroxidation and nitrite concentrations during seizures induced by pilocarpine are presented in [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. Lipid peroxidation was markedly increased in pilocarpine group as compared to corresponding values for the control group. During acute phase of seizures induced by pilocarpine it was observed a significant (89%) increase in thiobarbituric-acidreacting substances \[T(13) = 11.678; p \< 0.0001\], when compared to the control group. Seizures induced by pilocarpine produced a significant increase in hippocampal nitrite content of 94% \[T(13) = 50.592; p \< 0.0001\], when compared to the control group ([Fig. 2](#F2){ref-type="fig"}). Post hoc comparison of means indicated a significant decreases of 70 and 50% in hippocampus of rats pretreated with ascorbic acid in lipid peroxidation level \[T(10) = 11.385; p \< 0.0001\] and nitrite content \[T(10) = 51.471; p \< 0.0001\], when to compared with the pilocarpine group, respectively ([Fig. 1](#F1){ref-type="fig"}). In addition, the pretreatment with ascorbic acid, 30 min before administration of pilocarpine also produced significant increases 43% in lipid peroxidation level \[T(13) = 2.709; p \< 0.0179\], when compared to corresponding values for the control group ([Fig. 1](#F1){ref-type="fig"}). However, in nitrite content \[T(13) = 1.235; p = N.S.\] it produced no alteration, as compared to corresponding values for the control group ([Fig. 2](#F2){ref-type="fig"}). Moreover, no animal that received injections of ascorbic acid alone showed alterations in lipid peroxidation level \[T(13) = 0.2037; p = N.S.\] and nitrite content \[T(13) = 0.2166; p = N.S.\], when compared to the control group ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

Superoxide dismutase and catalase activities in the hippocampus of adult rats pretreated with ascorbic acid after pilocarpine-induced seizures.
-----------------------------------------------------------------------------------------------------------------------------------------------

[Figures 3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"} showed the ascorbic acid effects in superoxide dismutase and catalase activities in the hippocampus of adult rats pretreated with ascorbic acid after acute phase of seizures induced by pilocarpine. Superoxide dismutase \[T(13) = 0.0393; p = N.S.\] and catalase \[T(13) = 0.1737; p = N.S.\] activities in the hippocampus during acute phase of seizures was not markedly altered in pilocarpine group, when compared to corresponding values for the control group. However, post hoc comparison of means indicated a significant (25%) increase in hippocampal superoxide dismutase activity of rats pretreated with ascorbic acid \[T(10) = 2.303; p \< 0.0440\] in comparison to the pilocarpine group. The pretreatment with ascorbic acid also produced a significant increase in hippocampal catalase activity of 31% \[T(10) = 3.698; p \< 0.0041\] when compared to the pilocarpine group. In addition, the pretreatment with ascorbic acid, 30 min before administration of pilocarpine also produced significant increases 27 and 35% in superoxide dismutase \[T(13) = 2.203; p \< 0.0462\] and catalase activities \[T(13) = 5.108; p \< 0.0002\], when compared with corresponding values for the control group ([Figs. 3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}). However, none of the adult rats that received ascorbic acid alone (AA group) showed alterations in superoxide dismutase \[T(13) = 0.1699; p = N.S.\] and catalase \[T(13) = 0.5364; p = N.S.\] activities, when compared to the control group ([Figs. 3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}).

Discussion
==========

It is well known that reactive oxygen species (ROS) formation increases during seizures, and the removal of these formed species depends on antioxidant systems.[@R21],[@R22] If the rise in the level of ROS exceeds the antioxidant capacity to neutralize them, then cell lipids, proteins, and even DNA material may suffer oxidative damage.[@R10],[@R23] Vitamins C (ascorbic acid) and E (α-tocopherol) are exogenous powerful antioxidant molecules that act together with other endogenous antioxidant systems within tissue cells in order to scavenge the formed ROS.[@R24],[@R25] Furthermore, several studies have shown that antioxidant vitamin supplementation decreases oxidative damage in human subjects.[@R26],[@R27]

In the present study we have examined whether the treatment with ascorbic acid can alter in the lipid peroxidation level, nitrite content, superoxide dismutase and catalase activities in hippocampus observed during seizures induced by pilocarpine in adult rats. Generation of reactive oxygen species is currently viewed as one of the process through which epileptic activity exert their deleterious effects on brain.[@R28] These reactive oxygen species in the absence of an efficient defense mechanism cause peroxidation of membrane poly unsaturated fatty acids.[@R29] Brain is particularly susceptible to peroxidation due to simultaneous presence of high levels of poly unsaturated fatty acids and iron,[@R29],[@R30] which is the target of free radical damage. We have recorded the rise in lipid peroxidation level in hippocampus homogenate of rats, after 6 h of acute phase of seizures. This is reflected by rise in TBARS level which may be related to its intermediate free radicals formed during seizures induced by pilocarpine.

Literature has shown that seizures induced by pilocarpine produces changes in nitric oxide metabolism increased the production of their metabolites (nitrite and nitrate). Its metabolites can interacts with glutamatergic receptors to produced part of its stimulatory action on the CNS.[@R31],[@R32] The fall in nitrite content, after pretreatment with ascorbic acid, is most readily explained as a consequence of inhibiting formation of radicals, scavenges reactive oxygen species and lipid peroxidation products.[@R32] Increased free radicals and elevated nitrite levels may cause lipid peroxidation on hippocampus of rats during seizures.[@R14],[@R33]

Histopathological studies using ascorbic acid pretreated animals 30 min before pilocarpine injection have shown a 60% decrease in the number of animals that presented hippocampal brain damaged after seizures (data not shown). Following the experimental protocol, we observed that none of the animals which received ascorbic acid alone presented brain damage. However, 80% of the animals which had seizures, developed to SE and did not died within 24 h presented brain damage. In addition, the pilocarpine group presented hippocampal area at a 60% damage. On the other hand, in the hippocampus of ascorbic acid pretreated animals, the damage was only 12% (data not shown). These findings support the theory of the oxidative stress involvement in the start of seizures by the increase of free radical production. Moreover, they suggest a neuroprotective activity of ascorbic acid by the removal of free radicals produced during pilocarpine-induced seizures. Thus, the results suggest that oxidative stress mediated by pilocarpine exerts its pathologic effects during seizures and also that the neuroprotective and anticonvulsive role of ascorbic acid can be mediated by a reduction in lipid peroxidation levels and nitrite content. Possibly, this reduction is due to the modulatory activity of ascorbic acid in the antioxidant enzymes (superoxide dismutase and catalase) in the hippocampus of adult rats. Further studies using more specific immunohistochemistry and neurocheminal techniques can demonstrate the ascorbic acid effects during seizures.

Superoxide dismutase and catalase activities can protect against seizures induced by pilocarpine. However, there were no chenges in hippocampal superoxide dismutase and catalase activities during acute phase of seizures, suggesting that these enzymes cannot be activated during their phase of seizures induced by pilocarpine, and other antioxidant systems can be responsible for inhibition of acute epileptic activity. It has been demonstrated that pretreatment with ascorbic acid during acute phase of seizures induced by pilocarpine produces increase in superoxide dismutase and catalase activities in hippocampus of rats. The increase in antioxidant enzymes activities, after pretreatment with ascorbic acid, is most readily explained as a necessary consequence of inhibiting formation of radicals during convulsive process, and induces the glutathione reduced synthesis and other antioxidant enzymes (e.g., glutathione peroxidase and glutathione reductase) that exert neuroprotective effects during limbic seizures.[@R32],[@R34],[@R35]

An elevation in free radical formation can be accompanied by an immediate compensatory increase in the activities of the free radical scavenging enzymes.[@R36] Previous studies showed an increased in catalase activity in the hippocampus during a 24 h period of acute phase of seizures.[@R14],[@R36] Other study showed an increase in catalase activity after 1 h of seizures. In addition, during the convulsive process, neuronal activities changes are accompanied by alterations in the cerebral metabolic rate that induced modification in the regional cerebral blood flow.[@R37] Our results have not shown any alterations in superoxide dismutase and catalase activities within 6 h of acute phases of seizures. Considering that an increased metabolic demand can be observed during the epileptic activity we can suggest that activity of these enzymes are not modified during this period of acute phase of seizures. This finding might indicate that the antioxidant metabolism in this structure remains unaltered for 6 h of seizures induced by pilocarpine and that the pretreatment with ascorbic acid can produce an increase in the antioxidant enzymes activity. Its compensatory mechanisms against oxidative stress observed during seizures can explain the anticonvulsant actions of ascorbic acid during behavioral studies. The seizures induced by pilocarpine are prevented by ascorbic acid, suggesting a role of free radical in controlling seizures installation and propagation. In fact, we found that pretreatment with ascorbic acid is able to inhibit pilocarpine-induced seizures, SE and mortality of adult rats. In addition, the present data suggest evidence that free radical formation have a relevant role in the propagation and/or maintenance of convulsive activity. An increase in antioxidant enzymes activities, while free radical formation reduces, produces a significant decrease in the susceptibility to seizures induced by pilocarpine, the results suggest that ascorbic acid can present an anticonvulsant effect against pilocarpine-induced seizures.

Ascorbic acid administration to convulsive animals has been shown to protect hippocampus against oxidative stress. As an electron donor, ascorbic acid acts as a cofactor for eight enzymes involved in collagen hydroxylation, biosynthesis of carnitine and norepinephrine, tyrosine metabolism and amidation of peptide hormones (reviewed in ref. [@R38]). Ascorbic acid has many nonenzymatic actions as well. It is a powerful water-soluble antioxidant, it protects low density lipoproteins from oxidation, reduces harmful oxidants in the stomach and promotes iron absorption (reviewed in refs. [@R39] and [@R40]). Results of animal studies demonstrate that ascorbic acid can reduce damage to neurons caused by free radicals that are produced by inflammatory process and in neuro-degenerative diseases.

Ascorbic acid can be easily oxidized to the unstable dehydroascorbic acid, which is transported into the cells by glucose transporters GLUT~1~ and GLUT~3~, and in insulin-sensitive tissues, also by GLUT~4~, where it is rapidly reduced to ascorbic acid by glutaredoxin and thioredoxin reductase.[@R41] Brain, adrenal cortex, liver, spleen, pancreas and kidney tissues concentrate ascorbic acid for yet unknown reasons. Recent results have shown that endothelial cells also recycle and accumulate ascorbate by glutathion- dependent mechanisms.[@R42] These data suggest that this mechanism may be similar in neuronal cells and may be modified in the hippocampus during seizures.

Ascorbic acid is a powerful water-soluble antioxidant. Therefore its biological functions are not limited solely to one environment. In addition to reduction of lipid peroxidantion and nitrite contents, it has been shown to be involved in the recycling of other antioxidants in the body including vitamin E and lipoic acid and in modulation of enzymes activities superoxide dismutase and catalase. Thus, ascorbic acid represents a possible neuroprotective agent against risk factors of acute phase of seizures induced by pilocarpine. The results suggest the involvement of lipid peroxidation, nitrite and changes in antioxidant enzymatic systems in the mechanism of seizures induced by pilocarpine in rats. Ascorbic acid will provide further insights for neuroprotection and may lead to the development of effective therapeutic strategies against it, through modulation of brain antioxidant enzyme activities.

Recent studies have demonstrated that ascorbate, catalase and SOD attenuated seizures-induced neurotoxicity, as assessed by DA and GABA uptake. Ascorbate, an antioxidant water-soluble vitamin, directly scavenges superoxide anion and hydroxyl radical while SOD, an antioxidant mitochondrial and/or cytosolic enzyme, catalyses the conversion of superoxide anion to hydrogen peroxide and water.[@R43] These data are consistent with findings from previous studies that evaluated other antioxidants and their role in oxidative stress and neuronal toxicity. Thus, these data support previous findings from neuron-glia co-cultures that glia protect neurons from H~2~O~2~ toxicity.[@R44] Previous studies have shown that ascorbic acid, a predominantly neuronal antioxidant,[@R45] compensates for loss of GSH after synthesis inhibition by nitrite and nitrate. Here, we show that ascorbic acid also compensates for loss of other components of the antioxidant network, including superoxide dismutase and catalase. These findings indicate the importance of neuronal antioxidants in providing a permissive, yet protective environment for signaling by H~2~O~2~ and other ROS such as nitrite and nitrate. Elucidation of ascorbic acid transport and function in neurodegenerative diseases may lead to development of new drugs acting on ascorbic acid transporters to increase the antioxidant capacity during seizure activity.

Materials and Methods
=====================

Animals and experimental procedures.
------------------------------------

Adult male Wistar rats (250--280 g) maintained in a temperature controlled room (26°C) with a 12-h light/dark cycle with food and water ad libitum were used. All experiments were performed according to the Guide for the care and use of laboratory the US Department of Health and Human Services, Washington, DC (1985). The following substances were used: pilocarpine hydrochloride and ascorbic acid (Sigma, Chemical USA). All doses are expressed in milligrams per kilogram and were administered in a volume of 10 ml/kg injected intraperitoneally (i.p.). In a set of experiments, the animals were divided in four groups and treated with ascorbic acid (500 mg/kg, i.p., n = 24) or 0.9% saline (i.p., n = 24) and 30 min later, they received pilocarpine hydrochloride (400 mg/kg, i.p.), and in this 30-min interval rats were observed for the occurrence of any change in behavior. The treatments previously described represent the ascorbic acid plus pilocarpine and pilocarpine groups, respectively. Other two groups received 0.9% saline (i.p., n = 36, control group) or ascorbic acid alone (500 mg/kg, i.p., n = 24, AA group). After the treatments, the animals were placed in 30 cm × 30 cm chambers to record: latency to first seizure (any one of the behavioral indices typically observed after pilocarpine administration: wild running, clonus, tonus, clonic-tonic seizures),[@R46] number of animals that died after pilocarpine administration. Previous work have shown that the numbers of convulsions and deaths occurring within 1 and 24 h postinjection always follow the same pattern, so we decided to observe the animals for 6 h as pilocarpine-induced convulsions occur in 30--60 min and deaths within 1--24 h after pilocarpine injection. The survivors were killed by decapitation and their brains dissected on ice to remove hippocampus for neurochemical determinations. The pilocarpine group was constituted by those rats that presented seizures; SE for over 30 min and that did not died within 6 h.

The drug dosages were determined from both dose-response studies, including pilocarpine (data not shown), and observations of the doses currently used in animals studies in the literature. The doses used are not equivalent to those used by humans because rats have different metabolic rates.

Lipid peroxidation levels determinations in the hippocampus of adult rats pretreated with ascorbic acid after pilocarpine-induced seizures.
-------------------------------------------------------------------------------------------------------------------------------------------

A literature review revealed that there are articles that address the role of oxidative stress in neurological disorders, including seizure models induced by pilocarpine in which the modulation of the pro-oxidant/antioxidant balance by seizures per se and by antioxidant agents is discussed.[@R4],[@R16],[@R27] However, the critical role of oxidative stress in this seizure models is not uniform. A study carried out by Walz et al.[@R10] showed that after status epilepticus induced by pilocarpine can be observed an increase in lipid peroxidation level in hippocampus of Wistar rats. Based in this fact, we decided to investigate the lipid peroxidation level in the hippocampus of adult rats pretreated with ascorbic acid after pilocarpine-induced seizures. Therefore, there is a need for a study that will address these issues. For all of the experimental procedures, 10% (w/v) homogenates of the area of the brain investigated were prepared for all groups. Lipid peroxidation levels in the AA plus pilocarpine group (n = 6), pilocarpine group (n = 6), AA group (n = 6) and control animal (n = 9) were analyzed by measuring the thiobarbituric-acid-reacting substances (TBARS) in homogenates, as previously described by Draper and Hadley.[@R47] Briefly, the samples were mixed with 1 mL 10% trichloroacetic acid and 1 mL 0.67% thiobarbituric acid. They were then heated in a boiling water bath for 15 min and butanol (2:1, v/v) was added to the solution. After centrifugation (800 xg, 5 min), thiobarbituric-acid-reacting substances were determined from the absorbance at 535 nm. The results above were expressed as nmol of malondialdehyde (MDA)/g wet tissue.

Nitrite content determinations in the hippocampus of adult rats pretreated with ascorbic acid after pilocarpine-induced seizures.
---------------------------------------------------------------------------------------------------------------------------------

Researches verified an increase in nitrite/nitrate content in mice brain after pilocarpine-induced seizures,[@R48] in hippocampus of adult rats after seizures,[@R49] and in cerebrospinal fluid of patients with rotavirus gastroenteritis induced convulsion.[@R50] According to this data, we decided to measure the nitrite content in rats brain pretreated with ascorbic acid during seizure activity. To determine nitrite contents of control rats (n = 9), AA plus pilocarpine group (n = 6), pilocarpine group (n = 6) and AA group (n = 6), the 10% (w/v) homogenates were centrifuged (800 xg, 10 min). The supernants were collected, and nitric oxide production was determined based on the Griess reaction.[@R51] Briefly, 100 µL supernatant was incubated with 100 µL of the Griess reagent at room temperature for 10 min. A~550~ was measured using a microplate reader. Nitrite concentration was determined from a standard nitrite curve generated using NaNO~2~. The results above were expressed as nM.

Superoxide dismutase and catalase activity determinations in the hippocampus of adult rats pretreated with ascorbic acid after pilocarpine-induced seizures.
------------------------------------------------------------------------------------------------------------------------------------------------------------

A literature review revealed articles that address the role of antioxidant enzymes and oxidative stress in neurological disorders, including those involving different seizure models where the modulation of the pro-oxidant/antioxidant balance by seizures per se and by antioxidant agents is discussed. However, the critical role of antioxidant enzymes in all seizure models is not uniform. Therefore, there is a need for a study about the superoxide and catalase activity during seizures induced by pilocarpine that will address this issue.[@R52]--[@R54]

The hippocampus was ultrasonically homogenized in 1 mL 0.05 M sodium phosphate buffer, pH 7.0. Protein concentration was measured by the method of Lowry et al.[@R55] The 10% homogenates were centrifuged (800 xg, 20 min), and the supernants used to assay superoxide dismutase (SOD) and catalase. SOD activity in the AA plus pilocarpine group (n = 6), pilocarpine group (n = 6) and AA group (n = 6) and control animals (n = 9) was assayed by using xanthine and xanthine oxidase to generate superoxide radicals.[@R56] They react with 2,4-iodophenyl-3,4-nitophenol-5-phenyltetrazolium chloride to form a red formazan dye. The degree of inhibition of this reaction was measured to assess SOD activity. The standard assay substrate mixture contained 3.0 mL xanthine (500 µM), 7.44 mg cytochrome *c*, 3.0 mL KCN (200 µM), and 3.0 mL EDTA (1 mM) in 18.0 mL 0.05 m sodium phosphate buffer, pH 7.0. The sample aliquot (20 µL) was added to 975 µL of the substrate mixture plus 5 µL xanthine oxidase. After 1 min, the initial absorbance was recorded and the timer was started. The final absorbance after 6 min was recorded. The reaction was followed at 550 nm. Purified bovine erythrocyte SOD (Randox Laboratories, Belfast, Northern Ireland, UK) was used under identical conditions to obtain a calibration curve showing the correlation of the inhibition percentage of formazan dye formation and SOD activity. SOD activity in the samples was determined from this curve, and the results expressed as U/mg of protein.

Catalase activity was measured in the AA plus pilocarpine group (n = 6), pilocarpine group (n = 6) and AA group (n = 6) and control (n = 9) groups by the method that uses H~2~O~2~ to generate H~2~O and O~2~.[@R57] Protein concentration was measured by the method of Lowry et al.[@R55] The activity was measured by the degree of this reaction. The standard assay substrate mixture contained 0.30 mL H~2~O~2~ in 50 mL 0.05 M sodium phosphate buffer, pH 7.0. The sample aliquot (20 µL) was added to 980 µL of the substrate mixture. The initial absorbance was recorded after 1 min, and the final absorbance after 6 min. The reaction was followed at 230 nm. A standard curve was established using purified catalase (Sigma, St Louis, MO, USA) under identical conditions. All samples were diluted with 0.1 mmol/L sodium phosphate buffer (pH 7.0), to provoke a 50% inhibition of the diluent rate (i.e., the uninhibited reaction). Results are expressed as mmol/min/mg of protein.^58^

Statistical analysis.
---------------------

Results of latency to first seizure and neurochemical alterations were compared using ANOVA and the Student-Newman-Keuls test as post hoc test, because these results show a parametric distribution. The number of animals that seized and the number that survived were calculated as percentages (percentage seizures and percentage survival, respectively), and compared with a nonparametric test (χ^2^). In all situations statistical significance was reached at p less-than-or-equals, slant 0.05. The statistical analyses were performed with the software GraphPad Prism, Version 3.0 for Windows, GraphPad Software (San Diego, CA, USA).

Previously published online as an *Oxidative Medicine and Cellular Longevity* E-publication: <http://www.landesbioscience.com/journals/oximed/article/8876>
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![Effects of ascorbic acid (AA) in status of lipid peroxidation level in hippocampus of adult rats after seizures induced by pilocarpine. Male rats (250--280 g, 2 months old) were treated with a single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6, P400), AA group with ascorbic acid (500 mg/kg, i.p., n = 6, VIT C) and the control animals with 0.9% saline (i.p., n = 9, Control). The AA plus pilocarpine group was treated with ascorbic acid (500 mg/kg, i.p.) 30 min after pilocarpine injection (400 mg/kg, i.p., n = 6, AA plus P400). The pilocarpine group was constituted by those rats that presented seizures, SE for over 30 min and that did not died within 6 h. For neurochemical determinations of lipid peroxidation level, all groups were killed by decapitation 6 h after the treatment and their brains were dissected on ice to remove the hippocampus. The cerebral area studied was ultrasonically homogenized in 1 ml of 0.05 M phosphate buffer, pH 7.0, and the homogenates 10% were centrifuged (800 xg/20 min) and the supernatant of the homogenates was used for lipid peroxidation level investigation. The lipid peroxidation level in the hippocampus during seizure activity was analyzed by measuring the thiobarbituric-acid-reacting substances (TBARS) in homogenates, as previously described by Draper and Hadley.[@R47] Results are expressed as means + S.E.M. for the number of animals shown inside in parenthesis. Results were expressed as nmol of malondialdehyde (MDA)/g wet tissue. The Student-Newman-Keuls test was used for multiple comparisons of means of two groups of data. Differences in experimental groups were determined by two-tailed analysis of variance. Differences were considered significant at p \< 0.05. ^a^p \< 0.05 as compared to control animals (t-Student-Neuman-Keuls test); ^b^p \< 0.05 as compared to pilocarpine group (t-Student-Neuman-Keuls test).](omcl0204_0214_fig001){#F1}

![Effects of ascorbic acid (AA) in status of nitrite content in hippocampus of adult rats after seizures induced by pilocarpine. Male rats (250--280 g, 2-months-old) were treated with a single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6, P400), AA group with ascorbic acid (500 mg/kg, i.p., n = 6, AA) and the control animals with 0.9% saline (i.p., n = 9, Control). The AA plus pilocarpine group was treated with ascorbic acid (500 mg/kg, i.p.) 30 min after pilocarpine injection (400 mg/kg, i.p., n = 6, AA plus P400). The cerebral area studied was ultrasonically homogenized in 1 ml of 0.05 M phosphate buffer, pH 7.0, and the homogenates 10% were centrifuged (800 g/20 min) and the supernatant of the homogenates was used for nitrite level investigation. The nitrite content in the hippocampus during seizure activity was analyzed by measuring the nitrite and nitrate in homogenates, as previously described by Green et al.[@R51] Results are expressed as means + S.E.M. for the number of animals shown inside in parenthesis. Results were expressed as nM. The Student-Newman-Keuls test was used for multiple comparisons of means of two groups of data. Differences in experimental groups were determined by two-tailed analysis of variance. Differences were considered significant at p \< 0.05. ^a^p \< 0.05 as compared to control animals (t-Student-Neuman-Keuls test); ^b^p \< 0.05 as compared to P400 group (t-Student-Neuman-Keuls test).](omcl0204_0214_fig002){#F2}

![Effects ascorbic acid (AA) in superoxide dismutase activities in hippocampus of adult rats after seizures induced by pilocarpine. Male rats (250--280 g, 2 months old) were treated with a single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6, P400), AA group with ascorbic acid (500 mg/kg, i.p., n = 6, AA) and the control animals with 0.9% saline (i.p., n = 9, Control). The AA plus pilocarpine group was treated with ascorbic acid (500 mg/kg, i.p.) 30 min after pilocarpine injection (400 mg/kg, i.p., n = 6, AA plus P400). The cerebral area studied was ultrasonically homogenized in 1 ml of 0.05 M phosphate buffer, pH 7.0, and the homogenates 10% were centrifuged (800 xg/20 min) and the supernatant of the homogenates was used for superoxide dismutase activity investigation. The superoxide dismutase activity in the hippocampus during seizure activity was analyzed by measuring the superoxide dismutase activity in homogenates, as previously described by Flohe and Otting, 1989. Results are expressed as means + S.E.M. for the number of animals shown inside in parenthesis. Results were expressed as U/mg of protein. The Student-Newman-Keuls test was used for multiple comparisons of means of two groups of data. Differences in experimental groups were determined by two-tailed analysis of variance. Differences were considered significant at p \< 0.05. ^a^p \< 0.05 as compared to control animals (t-Student-Neuman-Keuls test); ^b^p \< 0.05 as compared to pilocarpine group (t-Student-Neuman-Keuls test).](omcl0204_0214_fig003){#F3}

![Effects of ascorbic acid (AA) in catalase activities in hippocampus of adult rats after seizures induced by pilocarpine. Male rats (250--280 g, 2 months old) were treated with a single dose of pilocarpine (400 mg/kg, intraperitoneal, i.p., n = 6, P400), AA group with ascorbic acid (500 mg/kg, i.p., n = 6, VIT C) and the control animals with 0.9% saline (i.p., n = 9, Control). The AA plus pilocarpine group was treated with ascorbic acid (500 mg/kg, i.p.) 30 min after pilocarpine injection (400 mg/kg, i.p., n = 6, AA plus P400). The cerebral area studied was ultrasonically homogenized in 1 ml of 0.05 M phosphate buffer, pH 7.0, and the homogenates 10% were centrifuged (800 xg/20 min) and the supernatant of the homogenates was used for catalase activity investigation. The catalase activity in the hippocampus during seizure activity was analyzed by measuring the catalase activity in homogenates, as previously described by Chance and Maehly, 1955. Results are expressed as means ± S.E.M. for the number of animals shown inside in parenthesis. Results were expressed as mmol/min/mg of protein. The Student-Newman-Keuls test was used for multiple comparisons of means of two groups of data. Differences in experimental groups were determined by two-tailed analysis of variance. Differences were considered significant at p \< 0.05. ^a^p \< 0.05 as compared to control animals (t-Student-Neuman-Keuls test); ^b^p \< 0.05 as compared to pilocarpine group (t-Student-Neuman-Keuls test).](omcl0204_0214_fig004){#F4}

###### 

Effect of pretreatment with ascorbic acid on pilocarpine-induced seizures and lethality in adult rats

  Groups                Latency to first seizures (min)               Percentage seizures                                               Percentage survival                 Number of animals/group
  --------------------- --------------------------------------------- ----------------------------------------------------------------- ----------------------------------- -------------------------
  Pilocarpine           35.00 ± 0.70                                  75                                                                40                                  24
  AA plus pilocarpine   189.19 ± 1.15[c](#TF3){ref-type="table-fn"}   25[a](#TF1){ref-type="table-fn"}                                  100[a](#TF1){ref-type="table-fn"}   24
  AA                    00                                            00[a](#TF1){ref-type="table-fn"},[b](#TF2){ref-type="table-fn"}   100[a](#TF1){ref-type="table-fn"}   24

Animals were divided in four groups and treated with ascorbic acid (500 mg/kg, i.p., n = 24) or 0.9% saline (i.p., n = 24) and 30 min later, they received pilocarpine hydrochloride (400 mg/kg, i.p.), and in this 30-min interval rats were observed for the occurrence of any change in behavior. The treatments previously described represent the AA plus pilocarpine and pilocarpine groups, respectively. Other two groups received 0.9% saline (i.p., n = 36, control group) or ascorbic acid alone (500 mg/kg, i.p., n = 24, AA group). After the treatments, the animals were placed in 30 cm × 30 cm chambers to record: latency to first seizure (any one of the behavioral indices typically observed after pilocarpine administration: wild running, clonus, tonus, clonic-tonic seizures), number of animals that died after pilocarpine administration. Previous work have shown that the numbers of convulsions and deaths occurring within 1 and 24 h postinjection always follow the same pattern, so we decided to observe the animals for 6 h as pilocarpine-induced convulsions occur in 30--60 min and deaths within 1--24 h after pilocarpine injection. Results for latency to first seizure are expressed as mean ± S.E.M of the number of experiments shown in the table. Result for percentage seizures and percentage survival are expressed as percentages of the number of animals from each experimental group.

p \< 0.0001 as compared with pilocarpine group (χ^2^-test).

p \< 0.0001 as compared with AA plus pilocarpine group (χ^2^-test).

p \< 0.0001 as compared with pilocarpine group (ANOVA and Student-Newman-Keuls test).
